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(57) ABSTRACT

The invention relates to a so-called ceramic green sheet used
for manufacturing multilayer ceramic electronic parts. The
invention 1s directed to formation of an nsulating layer or a
like layer having a complex shape with concavities and
convexities while maintaining accuracy in its shape, accu-
racy 1n its formation position and uniformity 1n 1ts thickness.
In a process according to the mvention, a layer made of a
photosensitive material including a powder having a desired
clectric characteristic 1s formed on a light transmissive base
member. Light such as ultraviolet light having a first pattern
1s radiated to the photosensitive material from the back side
of the base member and light such as ultraviolet light having
a second pattern 1s radiated to the photosensitive material
from the back side of the base member so that the photo-
sensitive material 1s exposed. Then the photosensitive layer
alter the exposure 1s subjected to development.

7 Claims, 5 Drawing Sheets
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METHOD FOR MANUFACTURING
CERAMIC GREEN SHEET AND METHOD
FOR MANUFACTURING ELECTRONIC
PART USING THAT CERAMIC GREEN
SHEET

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for manufac-
turing an electronic part, especially an electronic part that 1s
formed by laminating ceramic layers, which 1s exemplified
by a so-called multilayer ceramic electronic part. The
present invention also relates to a method for manufacturing,
a so-called ceramic green sheet used in the aforementioned
method. Examples of the multilayer ceramic electronic part
mentioned here include multilayer ceramic capacitors, mul-
tilayer ceramic inductors, LC composite parts including
capacitors and inductors formed therein, or EMC related
parts etc.

2. Related Background Art

In recent years, with downsizing and rapid popularization
of electronic apparatuses represented by cellular phones, an
increase in mounting density of the electronic parts used for
those apparatuses and improvement 1n their performance are
required. Especially, demands for downsizing, decrease in
thickness, increase 1n the number of layers and uniformiza-
tion of each layer are placed on multilayer ceramic elec-
tronic parts that are used as passive elements 1n order to meet
the above requirements. In addition, development of the
manufacturing method that can meet those requirements 1s
also demanded.

So called metal-ceramic combined baking, disclosed 1n,
for example. Japanese Patent Application Laid-Open No.
2001-110662 and Japanese Patent Application Laid-Open
No. 2001-85264, 1s a conventional manufacturing method
used for manufacturing the aforementioned multilayer
ceramic electronic parts exemplified by multilayer ceramic
capacitors having electrodes formed 1n the interior thereof,
which can meet the aforementioned requirements. Here, this
metal-ceramic combined baking technology will be
described briefly. In this technology, a plurality of electrodes
are formed on a so-called ceramic green sheet at the same
time using an electrically conductive paste composed of a
metal powder and an organic binder material.

Subsequently, a plurality of simple ceramic green sheets
and ceramic green sheets on which electrodes have been
formed etc. are stacked to form a ceramic multilayer mem-
ber. The electrodes will constitute the internal electrodes of
a multilayer ceramic electronic part when it 1s finished. In
addition, the ceramic multilayer member 1s pressed 1n 1ts
thickness direction so that the green sheets will be brought
into close contact with each other. The multilayer member
brought into close contact 1s cut into a certain size and
separated so as to be subjected to baking. On the outer
surface of the baked member thus obtained, external elec-
trodes are form fitted. Thus, a multilayer ceramic electronic
part 1s obtained.

In recent years, further downsizing and thickness reduc-
tion of the aforementioned multilayer ceramic electronic
parts have been required, and it 1s necessary to reduce the
thickness of dielectric layers made of a ceramic or the like
sandwiched between internal electrodes. Therefore, it 1s
required to perform the above-described process while fur-
ther reducing the thickness of ceramic green sheets that
constitutes the ceramic multilayer member. In view of these
requirements, the thickness of the thinnest ceramic green
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sheet presently used 1s about 2 to 3 um. In addition, the
thickness of electrodes printed on the ceramic green sheets
1s about 1.5 to 2.0 um.

The thickness of the ceramic green sheets and the elec-
trodes formed on the surface thereot, the width and pattern
shape of the electrodes, are substantially determined at the
time when they are formed, and 1t 1s practically impossible
to add a process of shaping them after they are formed.
Conventionally, the electrodes or the like are formed by
screen printing. In the screen printing, variations in the
thickness 1n the formed area 1s =10 to 20%, and the limait
value of the pattern width that can be formed 1s considered
to be about 50 um. As disclosed 1n Japanese Patent Appli-
cation Laid-Open No. 2002-184648, on the surface of a
sheet produced by the screen printing, there 1s unevenness
like an 1mpression of a mesh. In view of this, a new
production method 1s required to be devised 1 order to
produce sheets having improved uniformity in thickness and
improved surface evenness.

As one solution, there has been proposed a technology 1n
which a sheet or layer having a desired thickness 1s formed
by a ceramic slurry having photosensitivity or an electrode
paste having photosensitivity, so that they are subjected to
exposure and development processing to produce electrodes
or the like with high accuracy in terms of width and shape
etc. With that method 1t 1s possible to make the pattern width
thinner and the positional accuracy of pattern formation can
also be enhanced as compared to the printing process.
However, 1n the case that the layer to be exposed 1s formed
by a printing process, there will be the aforementioned
unevenness of the layer surface, and the unevenness will
remain unchanged even when ordinary exposure and devel-
opment processing has been applied.

It may be possible to reduce the unevenness by applying
mechanical processing such as pressing to the sheet or the
layer after the sheet or the layer 1s formed. However, this 1s
not desirable because the process will be lengthy. A method
using a coater or spin coating process 1s another method for
forming a sheet or a layer having no or reduced unevenness.
However, on the surface of the layer obtained by the
aforementioned coating process, there remains traces of a
blade or the like and the vaniations in the thickness 1s +3 to
5%, which still remains after the exposure and development
processing. Therefore, 1n order to manufacture electronic
parts having improved characteristics an improvement in the
surtace evenness or reduction of the varations in the thick-
ness 1s required.

In the case that metal paste 1s applied on a base member
by screen printing or using a coater to form an electrode
layer, sag of the edge portion of the electrode or deteriora-
tion 1n straightness of the edge portion can occur depending
on conditions such as viscosity of the metal paste etc. In
addition, a run-over or faded portion can be generated upon
application of slurry, which can cause short-circuit or con-
duction failure when assembled into an electronic part.
Furthermore, upon reducing the coating thickness, there 1s
the lower limit of the thickness of the coating that can be
formed depending on various condition such as viscosity.
Furthermore, 1t 1s difficult to reduce variations in the dimen-
sion 1n the thickness direction down to less than a few
percent. This 1s also the case when a ceramic green sheet 1s
produced using a ceramic slurry.

In the case of a ceramic green sheet that 1s used for
forming an electronic part in the form of an inductor, a
penetrating electrode or the like may be formed in some
cases. In that case, 1t 1s desirable that the length of the
penetrating electrode (or the thickness of the electrode) be
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controlled precisely in order to make electric characteristics
of the inductor definite. However, at present, the thickness of

the electrode 1s determined in accordance with the thickness
of the ceramic sheet and 1t 1s practically diflicult to control
the thickness of the electrode independently from the thick-

ness of the ceramic green sheet, as will be seen from
Japanese Patent Application Laid-Open No. 2003-48303.

In addition, when for example an inductor or the like 1s to
be manufactured, 1t 1s necessary to pattern an electrode or
other parts mto a complicated shape with respect to a planer
direction. Screen printing can attain accuracy in the complex
patterning to some extent. However, 1t 1s diflicult to further
improve the characteristics of an electronic part by using
screen printing. In addition, 1t 1s considered difficult as
described above to form the cross section of the electrode or
other parts 1n a desired shape.

Furthermore, when for example inductors or the like are
to be manufactured, 1t 1s preferable to use a ceramic green
sheet having a pattern electrode and a penetrating electrode
in the same single sheet from the viewpoint of accuracy of
lamination and downsizing or the parts. In this case, from the
viewpoint of reduction of the number of the process steps
and enhancement of characteristics of the inductors, 1t 1s
considered preferable, if possible, to form concavities and
convexities 1n a partial area of a layer made of an 1nsulator
and to fill the multiple concavities with an electrode paste to
form a pattern electrode and a penetrating electrode. How-
ever, 1t 1s diflicult for conventional technologies to form such
concavities and convexities with a high degree of accuracy.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-described background and problems. An object of the
present invention 1s to reduce variations in surface evenness
or thickness of a ceramic green sheet or an electrode layer
and to provide a method for forming a sheet and a layer
having desired concavities and convexities. Another object
of the present mvention 1s to reduce variations 1n electric
characteristics of multilayer ceramic electronic parts by the
alorementioned method so as to provide electronic parts
having improved electric characteristics.

In order to attain the above object, according to the
present mvention there 1s provided a method for manufac-
turing a ceramic green sheet utilizing an exposure process
and an development process, comprising a step of attaching
a photosensitive material including a powder having a
specific electric characteristic to a front side surface of a
member having a portion that can transmit light used 1n the
exposure process, wherein the photosensitive material 1s
sensitive to the light, and the front side surface 1s a surface
on which a sheet 1s to be formed, a step of shaping the light
into a first pattern and 1rradiating the photosensitive material
with that light from the back side of the aforementioned
member to perform the exposure process with such an
exposure amount that only a portion of the photosensitive
maternal that 1s within a first predetermined thickness will
undergo the exposure, a step of shaping the light into a
second pattern and irradiating the photosensitive material
with that light from the back side of the aforementioned
member to perform the exposure process with such an
exposure amount that only a portion of the photosensitive
material that 1s within a second predetermined thickness will
undergo the exposure, and a step of performing the devel-
opment process on the photosensitive material after the
EXpOSUre process.
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In the above-described manufacturing method, the whole
area of the back side surface of the atorementioned member
may be wrradiated with the light having the first pattern. In
addition, 1n the above-described manufacturing method, the
light may be shaped 1nto a predetermined pattern by passing
through a mask disposed on the back side of the atoremen-
tioned member.

In order to attain the above object, according to another
aspect of the present invention, there 1s provided a method
for manufacturing a ceramic green sheet utilizing an expo-
sure process and an development process, comprising a step
ol attaching a photosensitive material including a powder
having a specific electric characteristic to a front side surtace
of a member having a portion that can transmit light used 1n
the exposure process, the photosensitive material being
sensitive to the light, and the front side surface being a
surface on which a sheet 1s to be formed, a step of irradiating
the photosensitive material with the light from the back side
of the aforementioned member to perform the exposure
process multiple times while controlling the exposure
amount, wherein 1n at least once 1n the exposure process, the
photosensitive material 1s wrradiated with light having a
predetermined pattern from the back side of the atoremen-
tioned member, and a step of performing the development
process on the photosensitive material after the exposure
process.

In the above-described manufacturing method, 1t 1s pred-
crable that the light be shaped 1nto a predetermined pattern
by passing through a mask disposed on the back side of the
aforementioned member. In addition, 1in the above-described
manufacturing method, it 1s preferable that a concavity on a
ceramic green sheet produced by performing the develop-
ment process be filled with an electrically conductive mate-
rial. Furthermore, in the above-described manufacturing
method, 1t 1s preferable that a step of forming a light
blocking portion composed of a material that does not
transmit the light on a predetermined area of the front side
surface of the aforementioned member be performed prior to
the step of attaching the photosensitive material to the front
side surface of the atorementioned member. Still further, 1n
the above-described manufacturing method, 1t 1s preferable
that a releasing processing be applied to the aforementioned
member to facilitate release of the ceramic green sheet from
the surface of the alorementioned member.

Furthermore, 1n order to attain the aforementioned object,
a method for manufacturing a multilayer ceramic electronic
part according to the present invention comprises a step of
stacking a plurality of ceramic green sheets including a
ceramic green sheet produced by any one of the above-
described methods for manufacturing a ceramic green sheet,
and a step of applying a pressure to the stacked ceramic
green sheets 1n their thickness direction to form a laminated
member.

According to the present invention, a layer formed by a
conventional process of applying a photosensitive material
for example using a coater or screen printing 1s processed
through exposure and development so that reduction in
variations of its position, shape and thickness can be real-
ized. In addition, a complex processed shape having con-
cavities and convexities can be formed. Therefore, 1t 1s
possible to produce a sheet used for forming multilayer
clectronic parts having a more complex layer structure and
improved quality as compared to conventional sheets only
by adding the process according to the present invention to
a conventional mass production process.

Furthermore, according to the present invention, 1t 1s
possible to form a pattern shape and a through hole while
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controlling the layer thickness simultaneously. Conse-
quently, upon forming a layer including a pattern or a
through hole, 1t 1s possible to shape or process the layer with
excellent accuracy in 1ts shape and thickness. Thus, 1t 1s
possible to manufacture a preferable sheet to be used for
manufacturing multilayer electronic parts having a shape
closer to an 1deal shape than 1n conventional methods. More
specifically, 1t 1s possible to produce a sheet having a pattern
width of about 30 um with varnations 1n thickness of £2-3%
or less.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to the
tollowing detailed description when considered 1n connec-
tion with the accompanying drawings, wherein:

FIG. 1 1s schematically shows a ceramic green sheet
manufacturing process according to a first embodiment of
the present imvention.

FIG. 2 1s schematically shows a ceramic green sheet
manufacturing process according to a second embodiment of
the present ivention.

FIG. 3 1s schematically shows a ceramic green sheet
manufacturing process according to a third embodiment of
the present invention.

FIG. 4 schematically shows a process of actually manu-
facturing multilayer ceramic capacitors using a ceramic
green sheet produced by a method according to the present
invention.

FIG. 5 schematically shows part of a process of actually
manufacturing multilayer ceramic capacitors using a
ceramic green sheet produced by a method according to the
present mvention.

FIG. 6 schematically shows a process of actually manu-
facturing multilayer ceramic inductors using a ceramic green
sheet produced by a method according to the present inven-
tion.

FIG. 7 schematically shows a process of manufacturing
multilayer ceramic electronic parts having a more complex
structure using a ceramic green sheet produced by a method
according to the present ivention.

FIG. 8 schematically showing a ceramic green sheet
manufacturing process according to another embodiment of
the present invention, mn which a light blocking layer 1s
formed 1n advance.

FIG. 9 schematically showing a ceramic green sheet
manufacturing process according to still other embodiment
of the present mvention, 1n which a light blocking layer 1s
formed 1n advance.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of a method of producing a sheet (1.e. a
so-called ceramic green sheet) used 1 an electronic part
manufacturing process according to the present immvention
will be described briefly. In this embodiment, a layer made
of a photosensitive material containing powder having a
desired electric characteristic is firstly formed on the surface
ol a base member that can transmit light such as ultraviolet
light used 1n an exposure process that will be described later.
The photosensitive material that constitutes the layer 1is
sensitive to the aforementioned light such as ultraviolet
light. Subsequently, light such as ultraviolet light having a
first pattern 1s radiated to the back side of the base member
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so that the photosensitive material on the base member 1s
exposed up to a first thickness (or depth). Furthermore, light
such as ultraviolet light having a second pattern 1s radiated
to the back side of the base member so that the photosen-
sitive material 1s exposed up to a second thickness (or
depth). After that, the photosensitive material that has been
exposed 1s subjected to a development process, and then the
base member 1s detached from the photosensitive material.
Thus, a ceramic green sheet having a desired shape and
thickness 1s obtained.

In the embodiments that will be described 1n the follow-
ing, exposure ol the photosensitive material with light such
as ultraviolet light 1s performed twice. However, the present
invention 1s not limited to this particular feature, but addi-
tional exposure using another mask may be further per-
formed. Although the photosensitive material used in this
embodiment 1s sensitive to light such as ultraviolet light, the
light to be used 1s not limited to ultraviolet light as long as
a specific light and a material that 1s sensitive to that light are
used 1n combination. The atorementioned desired properties
include, for example, electro-conductivity, permittivity and
resistance. The method of attaching the photosensitive mate-
rial to the base member 1s, for example, coating or printing,
though the method 1s not limited to them. An example of the
base member 1s a PET {film that 1s transparent to light. A
member on which releasing processing for facilitating
release of a layer formed on the base member 1s applied may
be used as the base member. A member on which a plurality
of light transmissive layers are formed may be used as the
base member. Upon patterning the ultraviolet light, a mask
on which a predetermined pattern 1s formed may be used 1n
such a way that the ultraviolet light 1s radiated to the back
side of the base member through that mask. Although 1t 1s
preferable that the alforementioned mask having a predeter-
mined pattern be 1n close contact with the back surface of the
base member, the mask may be disposed spaced apart from
the back surface of the base member depending on the
exposure condition or other conditions.

In this embodiment, the light used for the exposure
process of the photosensitive layer 1s patterned through the
mask disposed on the back side of the base member.
However, the position of the mask 1s not limited to the back
side of the base member. A light blocking part that functions
in the same manner as the mask may be provided on the base
member 1tself. Alternatively, a light blocking layer having
the function same as the mask may be provided on the back
side surface of the base member. In other words, the effect
of the present mnvention can also be realized by providing a
structure for patterning light in the base member side of the
photosensitive material. In addition, the patterned light may
be generated by scanning laser ray or the like i a desired
pattern or using an area light source such as an LED panel
composed of a dot matrix that can be patterned, to perform
exposure process for the photosensitive material.

First Embodiment

A layer forming method according to the first embodiment
of the present invention 1s 1llustrated in FI1G. 1. FIG. 1 shows
the cross sectional structure of layers or a sheet taken along
the thickness direction 1n various stages of the process. The
method according to this embodiment 1s intended to form an
insulating layer having a specific thickness and shape. In the
method according to this embodiment, a photosensitive
layer 3 containing a powder having a desired electric char-
acteristic 1s formed on a base member 2 made of a light
transmissive film (e.g. a PET film) by coating (step 1). Next,
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in step 2, light such as ultraviolet light 1s radiated to the back
side of the base member so that the photosensitive layer 3 1s
exposed. In that process, a mask 7 1s disposed on the back
side of the base member 2 so that only a predetermined area
of the photosensitive layer 3 will be exposed.

In connection with the present invention, the applicant of
the present patent application discovered the fact that the
depth of the cured portion (or exposure amount) in the
photosensitive layer 3 measured from the surface of the light
transmissive member (in this case, the base member 2) can
be controlled by controlling the intensity, radiation time or
other factors concerning the ultraviolet light upon the expo-
sure. In confirming the controllability of the thickness of the
cured portion with the exposure amount, conditions such as
the ratio of the ceramic powder mixed 1n a slurry, dispers-
ibility of the powder, the average particle diameter of the
powder, the transmittance of the powder were changed in
vartous ways, and the thickness of the slurry that can be
exposed was measured for each condition.

It 1s well known that when a material 1n which a ceramic
powder or the like and a photosensitive binder are mixed (or
kneaded) 1s exposed with light, diflusion of light generally
occurs due to the presence of the ceramic powder or the like,
so that the edge of the exposed portion i1s blurred. The
applicant of the present patent application prepared mixtures
in which a negative type binder and barium titanate powders
having different average particle diameters of 1.0 um, 0.8
um, 0.6 um, 0.4 um and 0.2 um respectively are mixed with
a volume ratio of 1 to 1 and investigated the relationship
between the irradiation time and the thickness of the film
remaining after development. As a result, it was confirmed
that 1n the case that the thickness of the remaining film 1s
several microns, more specifically, for any powder, in the
case that the thickness 1s about 10 um or less, the exposure
time and the thickness of the obtained sheet are in a linear
relationship and varnations 1n average film thickness values
are 1n the range of +£0.5-2.0%. In addition, 1n order to keep
flatness of the sheet, 1t can be said that smaller particle
diameters are preferable. This depends on the thickness of
the sheet, and in the smaller thickness range, the particle
diameter 1s an important factor. Specifically, in the case that
the sheet thickness 1s equal to or smaller than 5 um, 1t 1s
preferable to use barium titanate powder having an average
particle diameter of equal to or smaller than 0.8 um, and
more preferably, equal to or smaller than 0.2 um. In other
words, a flat sheet can be obtained by using a slurry
contaiming powder with an average particle diameter about
one-1iith or less of the thickness of the sheet to be obtained.
In addition, a sheet that 1s reduced 1n terms of the degree of
its surface unevenness (in terms of arithmetic average
roughness Ra) can be obtained by using a slurry containing,
powder with an average particle diameter about one-twen-
tieth or less of the thickness of the sheet to be obtained. Here,
the exposure time can be interpreted to the exposure amount
taking 1nto account the light intensity, and the result shows
that the exposure amount and the thickness of the remaining
film are 1n a linear relationship. Therefore, in the case that
a ceramic powder and a photosensitive binder are used,
when the thickness of the remaining film 1s about 5.0 =m as
with the thickness of the electrode, 1t 1s possible to keep an
accurate sheet thickness and evenness of the sheet surface.
Although the description of a specific investigation has been
made 1n connection with the case 1n which barium titanate
powders which are inferior 1n light transmitting character-
istics are used, we also investigated so-called glass ceramic
powders which are superior 1n light transmitting character-
istics, ferrite powders having light absorbing properties and
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metal powders. As a result, these powders also showed
characteristics similar to the barium ftitanate powders,
though the required exposure amount was different. There-
fore, in the case that the thickness of the film remaining after
development 1s to be controlled by adjusting exposure
amount while using a slurry in which a metal or ceramic
powder and a photosensitive binder are mixed, if the average
particle diameter of the powder used 1s smaller than 1.0 um,
the surface roughness can be made small and a control
process that can reduce vanations in the average film
thickness can be made possible. In addition, with experi-
ments other than mentioned above, 1t was discovered that the
thickness of the film remaining after development can be
controlled 1n the range of about 50 um or less, if conditions
permit. In view of this discovery, 1n this embodiment, the
exposure amount 1s controlled so that exposure will be
cllected up to the depth (or thickness) indicated by t1 1n FIG.
3. Furthermore, 1 step 3, a mask 8 on which a desired
clectrode pattern (light transmitting portion 8a) 1s disposed
in close contact with the back side surface of the base
member 2 and ultraviolet light 1s radiated to the photosen-
sitive layer 3 through the mask 8 so that further exposure of
the photosensitive layer 3 1s performed. In step 3 also, the
exposure amount 1s controlled so that the photosensitive
layer 3 1s further exposed by the thickness indicated by 12 1n
FIG. 3.

After the exposure, development 1s performed so that the
portion of the photosensitive layer 3 other than the cured
portion that have been exposed 1s removed. Thus an 1nsu-
lating layer (or dielectric layer) 4 with a concavity 4a having
a specific shape and thickness 1s obtained as shown 1n step
4. As will be described later, the base member 2 1s removed
from the obtained sheet composed of the base member 2 and
the insulating layer 4 as 1t 1s, or the base member 2 1s
removed from the sheet after an additional layer 1s formed
thereon. Then, filling of the concavity 4a with the electrode
material 1s performed, and the sheet from which the base
member 2 has been removed 1s laminated with another sheet
that has been made by the same process or a similar process,
and formed 1nto a multilayer electronic parts such as capaci-
tors after undergoing various processes.

According to this embodiment, it 1s possible to make the
surface of the cured portion even or flat while controlling the
thickness (or depth) of the cured portion. As long as the base
member 2 and the insulating layer 4 are transparent to light,
this embodiment can be carried out only by adding the
exposure process and the development process on top of the
conventional coating or screen printing process.

In this embodiment, the shape and other factors of the
clectrode 1s determined by the mask pattern and the con-
trolled exposure amount, and therefore the photosensitive
layer may be applied by any existing process. However 1n
order to reduce the removal amount in the development
process, 1t 1s preferable that the thickness and other factors
ol the photosensitive layer 3 formed on the base member 2
be close to the size, shape and thickness of the electrode to
be formed. In view of this, various methods including
existing screen printing process or coating process using a
blade may be used upon forming the photosensitive layer 3.
Although 1n this embodiment the insulating layer 4 1s
formed directly on the base member 2, various layers that
can transmit light may be formed between the insulating
layer 4 and the base member 2. Furthermore, although this
embodiment 1s directed to formation of the mnsulating layer
4, an electrode layer having concavity and convexity by
using a powder having electrically conductive properties as
the powder contained in the photosensitive material may
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also be formed. The order of performing the exposure
processes shown 1n steps 2 and 3 1s not limited to that which
has been described 1n connection with this embodiment, but
the order of performing those processes may be reversed.

Second Embodiment

FIG. 2 1s a diagram similar to FIG. 1, which shows the
cross sectional structure of layers or a sheet taken along the
thickness direction 1n various stages of the process. The
other drawing that will be referred to 1n the following shall
also show the cross sectional structure of the sheet in various
stages of a process. In this embodiment, a through hole 1s
formed 1n an msulating layer 4. Specifically, a photosensi-
tive layer 3 1s formed on a light transmissive base member
2 made of for example PET film (step 1). Next 1n step 2, a
mask 9 having a desired through hole pattern 9a 1s disposed
in close contact with the back side surface of the base
member 2 and ultraviolet light 1s radiated to its back side. In
doing so, the exposure amount (or exposure dose) 1S con-
trolled 1n such a way that the thickness of the cured portion
of the photosensitive layer becomes tl1.

After the exposure, the mask 9 1s replaced by a mask 8 on
which a desired electrode pattern (1.e. transparent portion
8a) 1s formed. The mask 8 1s disposed 1n close contact with
the back side surface of the base member 2. The electrode
pattern of the mask 8 1s formed 1n such a way as to overlap
with the through hole pattern of the mask 9. In this state,
ultraviolet light 1s radiated to the photosensitive layer 3
through the mask 8 so that the photosensitive layer 3 1s
exposed Turther (step 3). In step 3 also, the exposure amount
1s controlled 1n such a way that the photosensitive layer 3 1s
turther exposed by the thickness indicated by t2 in FIG. 3.
After the exposure, development 1s performed so that the
portion of the photosensitive layer 3 other than the cured
portion that have been exposed 1s removed. Thus, an 1nsu-
lating layer (or dielectric layer) 4 with a through hole 45 and
a concavity 4a having a specific shape and thickness 1is
obtained as shown 1n step 4. The order of performing the
exposure processes shown 1n steps 2 and 3 15 not limited to
that which has been described in connection with this
embodiment, but the order of performing those processes
may be reversed.

Third Embodiment

In the embodiment shown 1n FIG. 3, a concavity 4a and
a through hole 45 are formed on an insulating layer 4
independently from each other. This embodiment 1s different
from the second embodiment 1n a mask 11 used 1n step 3.
Specifically, 1n the mask 11, a pattern for forming a through
hole and a pattern for forming an electrode are formed
independently from each other without overlap. With use of
the mask 9 and the mask 11, a concavity 4a and a through
hole 46 are formed 1n the nsulating layer 4 independently
from each other. The order of performing the exposure
processes shown 1n steps 2 and 3 1s not limited to that which
has been described 1n connection with this embodiment, but
the order of performing those processes may be reversed.

By carrying out the present invention, it 1s possible to
remove undesired portions such as sag or run-over that are
generated when photosensitive material 1s applied on the
surface of a base member or the like simply by keeping those
portions unexposed. In addition, since it 1s not necessary to
make the applied photosensitive material layer thin, faded
portions will not be generated. In addition, according to the
present ivention, 1t 1s possible to control the thickness of
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the remaining layer precisely, by controlling the exposure
amount. Thus, it 1s possible to form a layer with a thickness
of, for example, smaller than 0.5 um while reducing varia-
tions 1n thickness down to less than =2 to 3%. Furthermore,
it 1s possible to make the edge portion of a patterned shape
obtained by the exposure and development more square 1n

shape. Thus, 1t 1s possible to make variations of electric
characteristics of electronic parts produced by laminating
the sheets smaller than a desired value.

(Examples of Manufacturing Process of Electronic Parts
Using a Sheet According to the Invention)

In the following discussion, a process ol manufacturing,
clectronic parts using a sheet produced by the above-
described sheet forming method according to the present
invention will be described. FIGS. 4 to 7 that will be referred
to 1n the description of the process show cross sections of a
sheet or laminated sheets taken 1n the thickness direction as
seen from the side. FIGS. 4 and 5 show various stages of a
process of manufacturing multilayer ceramic capacitors.
FIG. 6 shows various stages of a process of manufacturing
multilayer ceramic inductors. FIG. 7 shows a process of
manufacturing electronic parts having a more complex cir-
cuit structure.

FIG. 4 shows an example of a manufacturing process for
producing ceramic capacitors using a sheet including an
insulating layer 4 produced by the method according to the
first embodiment. In this manufacturing process, firstly the
concavity 4a of the imsulating layer 4 formed on the base
member 2 1s filled with an electrode material 10 by, for
example, screen printing (step 1). Next, the base member 2
1s detached and removed from the insulating layer filled with
the electrode material 10 (step 2). Then, a predetermined
number of (three, in the example shown in FIG. 3) ceramic
green sheets 14 having an electrode produced 1n this way are
stacked (step 3).

A pressure 1s applied to the stacked sheets 1n the thickness
direction to bring the sheets in pressure contact with each
other. With this press process, the principal portion of the
ceramic capacitor 1s formed. In this manufacturing process,
the electrode material 10 fills the concavity 4a 1n such a way
that the surface of the electrode material 10 1s substantially
coplanar with the surface of the convexity. Hence, the
thickness of the ceramic green sheet 14 used for manufac-
turing capacitors 1s substantially uniform all over 1ts area.

Therefore, it 1s possible to obtain a laminated member that
can keep a shaped state well even with a small load pressure.
Such a laminated member 1s cut ito a specific size and
subjected to baking, so that a desired multilayer ceramic
capacitor 1s produced. With the use of the insulating layer 4
with reduced vanations 1n surface evenness, shape and
thickness produced by the method according to the present
invention, 1t 1s possible to produce multilayer ceramic
capacitors in which variations 1n a certain electric charac-
teristic are small as compared to conventional multilayer
ceramic capacitors.

Although 1n the above-described process, the concavity
da 1s filled with the electrode material 10 using the screen
printing, the ceramic green sheet for producing capacitors
may be formed by combining a sheet produced by the
method according to the first embodiment and an electrode
obtained by using an electrically conductive material for the
photosensitive material 3 1n the first embodiment. When a
ceramic green sheet 14 1s produced by that method, the
uniformity in the thickness of the sheet can be further
enhanced.
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FIG. 6 shows an example of a manufacturing process for
producing ceramic inductors using a sheet including an
insulating layer 4 produced by the method according to the
second embodiment. In this manufacturing process, the
concavity 4a and the through hole 45 of the insulating layer
4 formed on the base member 2 are filled with an electrode
material 10 by, for example, screen printing (step 1). Next,
the base member 2 1s detached and removed from the
isulating layer 4 having an internal electrode 10aq and a
penetrating electrode 106 produced by filling with the elec-
trode material 10 (step 2). Then, a predetermined number of
(three, 1n the example shown 1n FIG. 6) ceramic green sheets
16 having electrodes 10a and 105 produced 1n this way are
stacked (step 3).

Pressure 1s applied to the stacked sheets 1n the thickness
direction to bring the sheets in pressure contact with each
other. With this press process, the principal portion of the
ceramic capacitor 1s formed. In this manufacturing process,
the electrode material 10 fills the concavity 4a 1n such a way
that the surface of the electrode material 10 1s substantially
coplanar with the surface of the convexity. Hence, the
thickness of the ceramic green sheet 14 used for manufac-
turing capacitors 1s substantially uniform all over 1ts area.

Therefore, 1t 1s possible to obtain a laminated member that
can keep a shaped state well even with a small load pressure.
Such a laminated member 1s cut mto a specific size and
subjected to baking, so that a desired multilayer ceramic
inductor 1s produced. With the use of the insulating layer 4
with reduced variations 1n surface evenness, shape and
thickness produced by the method according to the present
invention, 1t 1s possible to produce multilayer ceramic induc-
tors 1n which varniations in a certain electric characteristic are
small as compared to conventional multilayer ceramic
inductors. In connection with the above-described process,
the ceramic green sheet used for producing inductors may be
formed by the process shown 1n FIG. 5.

The cross section of the pattern electrode or other parts
produced by the method of the present invention has a
preferable square shape as compared to those produced by
conventional methods, and therefore advantageous eflects
such as reduction of variations in the resistance of the
inductor from a desired value or reduction of DC resistance
are realized.

The sheet shown 1n step 1 of FIG. 6 may be produced by
a method according to another embodiment of the present
invention shown in FIG. 8. FIG. 8 shows the cross section
ol a sheet, as 1s the case with the other drawings mentioned
above, and parts similar to those 1n the structures shown 1n
connection with the above-described embodiments will be
designated by the same reference numerals. In the process of
this embodiment, in step 1, a photosensitive layer 3 1s
tormed on the top surface of the base member 2 and the light
blocking layer § made of an electrode material formed at a
predetermined position on the base member 2. The sheet as
such 1s subjected to the process of steps 2-4 shown 1n FIG.
1 (which corresponds to steps 2-4 1n FIG. 8). Thus, a sheet
having a light blocking layer 5 and a continuous cavity 4a
1s produced. The concavity 4a 1s filled with an electrode
material 10 by a certain process so that an internal electrode
10a continuous with the light blocking layer 5 (penetrating
clectrode 105) 1s formed. The base member 2 1s detached
and removed from the sheet after the filling with the elec-
trode material 10. Thus, a sheet used for forming imnductors
shown 1n step 6 1s obtained. According to this method, since
a penetrating electrode having a high aspect ratio for allow-
ing connection between layers 1s formed 1n advance, 1t 1s
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considered that advantageous eflects such as stability 1n the
shape of the penetrating electrode or reliable connection of
clectrodes can be realized.

FIG. 7 shows a process of manufacturing multilayer
ceramic clectronic parts having a more complex circuit
structure. The ceramic green sheet 18 shown in FIG. 7 1s
produced by filing the insulating layer 4 formed by the
method according to the third embodiment with an electrode
material by means of screen printing to form an internal
clectrode 10q and a penetrating electrode 105 independently
from each other. Ceramic green sheet 19 1s composed of an
isulating layer 4¢ and an electrode 10c. Ceramic green
sheet 20 1s composed of an insulating layer 44 and an
clectrode 104. The penetrating electrode 1056 1s provided to
connect the internal electrode 10¢ and the internal electrode
10d of the ceramic green sheets 19 and 20 disposed on the
top and bottom of the ceramic green sheet 18. The internal
clectrode 10a 1s 1insulated from the internal electrode 104 of
the lower sheet 20 and connected with the internal electrode
10c of the upper sheet 19. By using the sheet produced by
the method according to the present invention, electronic
parts having the above-described structure can be manufac-
tured easily.

The sheet 18 shown in FIG. 7 may be produced by a
method according to another embodiment of the present
invention shown 1 FIG. 9. FIG. 9 shows the cross section
of a sheet, as 1s the case with the other drawings mentioned
above, and parts 1 FIG. 9 similar to those 1n the structures
shown 1n connection with the above-described embodiments
will be designated by the same reference numerals. In the
process of this embodiment, 1n step 1, a photosensitive layer
3 1s formed on the top surface of the base member 2 and the
light blocking layer S made of an electrode material formed
at a predetermined position on the base member 2. The sheet
as such 1s subjected to the process of steps 2-4 shown 1n FIG.
2 (which corresponds to steps 2-4 in FIG. 9). Thus, a sheet
having a concavity 4a 1s produced. The concavity 4a 1s filled
with an electrode material 10 by a certain process so that an
internal electrode 10aq 1s formed. The base member 2 1is
detached and removed from the sheet after the filling with
the electrode material 10. Thus, a sheet used for forming
clectronic parts shown 1n step 6 1s obtaimned. According to
this method, since a penetrating electrode having a high
aspect ratio for allowing connection between layers 1is
formed 1n advance, 1t 1s considered that advantageous effects
such as stability 1n the shape of the penetrating electrode or
reliable connection of electrodes can be realized.

This application claims priority from Japanese Patent
Application No. 2003-304213 filed Aug. 28, 2003, which 1s
hereby incorporated by reference herein.

What 1s claimed 1s:

1. A method for manufacturing a ceramic green sheet
utilizing an exposure process and an development process,
comprising the steps of:

attaching a photosensitive material including a powder

having a specific electric characteristic to a front side
surface of a member having a portion that can transmait
light used in said exposure process, said photosensitive
material being sensitive to said light, and said front side
surface being a surface on which a sheet 1s to be
formed;

shaping said light 1into a first pattern and 1rradiating said

photosensitive material with that light from the back
side of said member to perform said exposure process
with such an exposure amount that only a portion of
said photosensitive material that 1s within a first pre-
determined thickness will undergo the exposure;
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shaping said light mnto a second pattern and irradiating
said photosensitive maternial with that light from the
back side of said member to perform said exposure
process with such an exposure amount that only a
portion of said photosensitive material that 1s within a
second predetermined thickness will undergo the expo-
sure;
performing said development process on said photosen-
sitive material after said exposure process; and

performing said exposure process only by irradiating said
photosensitive material with said light from the back
side of said member.

2. A manufacturing method according to claim 1, which
comprises filling a concavity on a ceramic green sheet
produced by performing said development process with an
clectrically conductive material.

3. A manufacturing method according to claim 1, further
comprising forming a light blocking portion composed of a
material that does not transmit said light on a predetermined
area of the front side surface of said member, prior to said
attaching said photosensitive material to the front side
surface of said member.

4. A manufacturing method according to claim 1, which
comprises applying a release facilitating processing to said
member to facilitate release of said ceramic green sheet from
the surface of said member.

5. A method for manufacturing a ceramic green sheet
utilizing an exposure process and a development process,
comprising the steps of:

attaching a photosensitive material including a powder

having a specific electric characteristic to a front side
surface of a member having a portion that can transmait
light used 1n said exposure process, said photosensitive
material being sensitive to said light, and said front side
surface being a surface on which a sheet 1s to be
formed;

irradiating said photosensitive material with said light

from the back side of said member to perform said
exposure process multiple times while controlling the
exposure amount,

wherein at least once 1n said exposure process, said

photosensitive material 1s 1rradiated with light having a
predetermined pattern from the back side of said mem-
ber, and at least once in said exposure process, said
photosensitive matenal 1s 1rradiated with light having a
pattern which 1s different from said predetermined
pattern from the back side of said member;
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performing said development process on said photosen-
sitive material after said exposure process; and

performing said exposure process only by 1rradiating said
photosensitive material with said light from the back
side of said member 1including,

producing a concavity on a ceramic green sheet by
performing said development process, and filling the
concavity with an electrically conductive matenal.

6. A method for manufacturing a ceramic green sheet
utilizing an exposure process and a development process,
comprising the steps of:

forming a light blocking portion composed of a material
that does not transmit said light on a predetermined
arca of a front side surface of a member having a
portion that can transmit light used 1n said exposure
process;

attaching a photosensitive material including a powder
having a specific electric characteristic to the front side
surface of the member, said photosensitive material
being sensitive to said light, wherein said front side
surface comprises a surface on which a sheet 1s to be
formed;

irradiating said photosensitive material with said light
from the back side of said member to perform said
exposure process multiple times while controlling the
exposure amount, wherein at least once 1n said expo-
sure process, said photosensitive material 1s wrradiated
with light having a predetermined pattern from the back
side of said member;

performing said development process on said photosen-
sitive material after said exposure process; and

performing said exposure process only by irradiating said
photosensitive material with said light from the back
side of said member.

7. A method for manufacturing a multilayer ceramic
clectronic part comprising the steps of:

stacking a plurality of ceramic green sheets including a
ceramic green sheet produced by a method for manu-
facturing a ceramic green sheet according to any one of

claams 1, 5, 6, 2, 3, and 4; and

applying a pressure to said stacked ceramic green sheets
in their thickness direction to form a laminated mem-
ber.
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